Introduction
The European Union (EU) directive implementing the framework agreement on prevention of sharp injuries in the hospital and health care sector came into effect in May 2013 [1] . Aspects of the EU directive not specifically addressed in existing legislation are covered in the UK under the Health and Safety (Sharp Instruments in Healthcare) Regulations 2013 ('the Sharps Regulations') [2] . These require all hospital and health care employers to provide the safest possible working environment by preventing or controlling the risk of sharps injuries. Health care employers are required to provide training on the risks of occupational sharps exposures and to promote the reporting of such exposures as they occur [2] . The directive and regulations also mandate the provision of appropriate treatment and follow-up following a sharps injury [1, 2] .
Sharps injuries involving hollow bore or solid needles, scalpels or dental probes are the second most-commonly reported accident among UK National Health Service (NHS) staff, after moving and handling injuries [3] . In 2008, nearly half the respondents in a survey of Royal College of Nursing members reported having ever sustained a sharps injury, and 1 in 10 reported having had such an injury in the last year [4] . The rate of sharps injuries among health care workers in the UK has been reported as exceeding that in France, Spain, Italy, the USA and Poland [5] .
High rates of sharps injuries are a cause for concern. Enduring psychiatric illness [6] and elevated levels of anxiety have been associated with sharps injuries [7, 8] , especially when equipment involved is contaminated with blood or body fluids from a patient known or suspected to be infected with hepatitis C (HCV), hepatitis B (HBV) or human immunodeficiency virus (HIV) [8] .
The probability of a health care worker acquiring a bloodborne viral infection following exposure to blood or body fluids depends not only on the infective status of the source patient but also the depth of the injury and whether the procedure involved placing a needle in a patient's vein or artery [9] . In the absence of postexposure management, the risk of transmission of infection to the health care worker has been estimated as occurring in 1 in 300 sharps injuries involving an HIV-infected source patient and 1 in 30 involving an HCV-infected source [10] . For injuries involving source patients who are HBV surface antigen positive but HBV e antigen negative, the probability of transmission has been estimated at between 1 in 100 and 1 in 17 [11] . If the source is positive for both HB antigens, then the probability of transmitted infection is higher, estimated as occurring between one in five and one in three injuries [10, 11] .
In order to assess the effect of the new legislation, it is important to establish a pre-directive baseline for injury. We therefore analysed significant occupational sharps injuries reported through surveillance of health care workers in England, Wales and Northern Ireland over a 10 year period prior to the 2013 EU Directive. We also analysed sharps-related bloodborne virus seroconversions.
Methods
In England, Wales and Northern Ireland active surveillance of significant occupational exposures to bloodborne viruses in health care workers was introduced in 1997 [12] . The system is hosted at Public Health England. In relation to health care workers, information is collected by health care employers on percutaneous injury where the skin has been broken by a sharp object or a human scratch or bite, and on mucocutaneous exposure, where the mucous membranes or non-intact skin have been contaminated to blood or other body fluids from source patients known to be, or as a result of the incident found to be, positive for HB surface antigen, HCV antibody or HIV antibody. Through the use of standardized report forms, this information is received by Public Health England from occupational health departments, genitourinary medicine clinics, microbiology, virology and infection control departments. Descriptive analyses of percutaneous exposures involving a sharp object were conducted for the period 2002-11, the latest years for which data are available. In 2009, information on HBV post-exposure management and follow-up was introduced. Descriptive analyses on HBV exposure outcomes are therefore restricted to the years 2009-11. STATA 12.0 (Stata Corp., College Station, TX, USA) was used for analyses. Percentages were calculated based on the overall number of reports where the relevant information was available.
Results
Between 2002 and 2011, data were received from 199 sites in England, 10 sites in Wales and 2 in Belfast, Northern Ireland. A total of 4381 significant occupational exposures were reported in health care workers in England, Wales and Northern Ireland. Of these exposures, 72% (3140) were reported as percutaneous injuries, of which 94% (2947) involved a sharp item. Of the 2947 sharps injuries reported during the study period, 49% (1433) involved an HCV-infected source patient, 7% (217) an HBV-infected source patient, 23% (687) an HIV-infected source patient and 6% (180) a source patient co-infected with two or all three of these viruses. The remaining 15% (430) sharps injuries involved source patients for whom serological status for all three viruses was not known at time of exposure. Despite this lack of knowledge, these cases were judged and reported as sufficiently risky for the exposed health care worker to commence HIV post-exposure prophylaxis. Table 1 presents the annual reported number of significant sharps injuries by source patient status. Significant sharps injuries were 62% higher in 2011 than in 2002 (Table 1) . While there was substantial variation across years, the annual average was 48% over the 2002 baseline incidence. Contrasting the first and final years, sharps injuries involving an HIV-, HBV-or HCV-infected source patient increased by 107, 69 and 60%, respectively. The annual number of sharps injuries involving a source patient infected with two or all three viruses remained stable over the study period.
Over the 10 year study period, the most common locations for significant sharps injuries were the hospital ward (924), operating theatre (441) and accident and emergency departments (253). By occupation, the highest number of injuries were reported among medical (1110) and nursing (904) staff. Injuries among medical and nursing staff in wards and operating theatres accounted for 53% (1227/2312) of all reports. Figure 1 presents significant sharps injuries by location and profession.
Non-compliance with standard infection control precautions for the handling and safe disposal of clinical waste was reported as the main contributory factor for 410 significant sharps injuries over the study period. Examples of non-compliance include not having a sharps bin at hand, clearing sharps used by someone else and over-full sharps bins. Sharps injuries resulting from noncompliance are therefore fully preventable. 
Discussion
Between 2002 and 2011, 2947 sharps injuries were recorded among health care workers involving a source patient known, or strongly suspected, to be infected with a bloodborne virus. Almost half of these involved an HCV-infected source patient, a quarter an HIV-infected source and 1 in 14 an HBV-infected source.
Due to under-reporting, the true number of significant sharps injuries is likely to be higher than we report. Within the NHS, there are an estimated annual 80 000 sharps injuries, irrespective of source patient infective status, of which only half are reported [13] . One of the most common reasons health care workers do not report a sharps injury is that the perceived risk of transmission was low [14, 15] . It is probable therefore that the under-reporting of significant sharps injuries is considerably lower than that of all sharps injuries as the former involve a source patient usually known or suspected of being infected with one or more bloodborne viruses.
The risk of a health care worker being exposed to a virus is in part proportional to the prevalence of that infection among patients [10] . In the UK, as a whole, an estimated 3.4 people per 1000 population (215 000) are chronically infected with HCV, 2.8 per 1000 (180 000) are living with chronic HBV and 1.5 per 1000 (98 400) are living with HIV [16] [17] [18] . The prevalence of bloodborne viral infection is demonstrably higher among hospitalized patients than in the general population [19, 20] .
Sharps injuries involving HCV-, HBV-or HIV-infected source patients reported in this paper were not proportional to population prevalence estimates. Despite the estimated prevalence of HBV in the population being almost double that for HIV, the number of sharps injuries involving an HBV-infected source patient was much lower than those involving an HIV-infected source. A probable explanation for this is uptake of HBV vaccination in UK health care workers who may have direct contact with patients' blood or body fluids, consistent with public health recommendations [21] . The vaccine has been shown to reduce HBV seroconversion among exposed health care workers [22] . Vaccinated health care workers may perceive the risk of transmission following an HBV-related sharps injury to be low and therefore may be less inclined to report these injuries. We are unable to judge the extent to which there may be differential under-reporting according to the bloodborne viral status of the source patient.
In this paper, we also report an increase between 2002 and 2011 in the annual number of significant sharp injuries. This increase may reflect improved reporting over time by health care workers and centres. It may also reflect an increased risk of exposure to a source patient infected with a bloodborne virus. The largest proportional increase between 2002 and 2011 was in reports of injuries involving HIV-infected source patients. During the same period of time, the estimated number of people 2002  2003  2004  2005  2006  2007  2008  2009  2010  2011   a   Total   Hepatitis C  99  118  124  179  157  140  159  142  152  159  1428  HIV  44  40  62  78  67  66  73  68  87  92  678  Hepatitis B  18  9  21  26  23  26  19  24  30  30  226  Co-infections   b   15  19  23  23  23  16  18  21  19  14  191  Unknown   c   29  34  40  40  43  46  67  42  45  39  425  Total  206  220  269  345  313  295  336  297  332  334 living with diagnosed HIV in the UK increased by 139% (from 30 834 to 73 659) [23] .
Finally, we report 14 HCV seroconversions arising from significant sharps injuries. No HBV or HIV seroconversions were reported. The most likely explanation for these findings is that following exposure to HBV or HIV, a health care worker may be offered appropriate post-exposure prophylaxis [12, 22] , whereas currently there is no effective post-exposure prophylaxis against HCV infection. The timely administration of HBV and HIV post-exposure prophylaxis has been shown to reduce the risk of transmission [22, 24, 25] . Health care workers who seroconvert to HCV are referred to an appropriate consultant for consideration of early treatment [26] but cannot be provided with effective prophylaxis at the time of exposure.
To prevent health care workers acquiring occupational bloodborne virus infections, we must remove the risk of sharps injuries. One of the main tenets of the EU directive is the prevention of such injuries by adopting medical devices that incorporate sharps protection mechanisms. In the USA, the introduction of the Needlestick Safety and Prevention Act in 2000 has been associated with a reduction in sharps injuries [27] . This Act requires health care employers to provide safety-engineered needles and sharp instruments [27] . It has been suggested however that the impact of this requirement has been differential. Whereas percutaneous injuries were shown to decrease significantly in non-surgical settings following the introduction of the Act, in surgical settings rates of injury actually increased [28] . The authors of a recent Cochrane systematic review concluded that currently there is only very low quality and inconsistent evidence for an association between the use of safer needle devices and a reduction in sharps injuries [29] . Recognizing safety devices do not remove all risk of injury, the Health and Safety Executive has highlighted the need for UK employers also to ensure health care workers have safe systems of work [2] . These include ensuring safe procedures are in place for working with and disposing of needles and other sharp instruments. Health care workers should not continue to be exposed to bloodborne viruses through their work. To prevent sharps injuries in the UK, we recommend health care service employers adopt safety-engineered devices in place of conventional devices, institute safe systems of work and provide training to ensure all health care workers recognize the importance of adhering to standard infection control procedures. To reduce the potential for bloodborne virus transmission and injury-related anxiety, employers need to ensure systems are in place for prompt and accurate reporting of sharps injuries, for the quick delivery of test results and for effective, timely post-exposure management. Reported sharps injuries should be investigated and action taken as required to prevent further incidents.
Key points
• Between 2002 and 2011, 2947 sharps injuries among health care workers in England, Wales and Northern Ireland involving a source patient infected with a bloodborne virus were reported.
• During the study period, 14 health care workers acquired hepatitis C virus following a sharps injury, while there were no reported hepatitis B virus or human immunodeficiency virus seroconversions.
• To prevent sharps injuries, we recommend health care service employers adopt safetyengineered devices in place of conventional devices, institute safe systems of work and provide training to ensure all health care workers recognize the importance of adhering to standard infection control procedures.
